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An investigation has been  conducted in   the  Lvlgley  f i l l -scale   tunnel  
t o  detemine  the  effects on the  aerodynanic  characteristics m-d on the  
chordwise  and  spanwise load dlstributions  of blowing a high-energy stream 
of a i r  over t w o  trailing-edge  flaps of EL 49. lo sweptback w i ~ m .  The w i ~ ?  
had an aspect   ra t io  of 3.22, & t ape r   r a t io  of 0.64, and NACA 65~006 air- 
foil sect ions  paral le l   to   the  plane of symmetry. Low-pressure, high-mass- 
f low-dr ,   represent ing E jet-engine  tailpipe  bleed system, was blown over 
a half-span  flap  deflected TO0 am5 a full-span  flap deflected 650. The 

corresponding t o  a Mach  number raqge from 0.05 t o  0.12, respectively. The 
morcentum-coefficient range inves tua ted  was from 0.08 t o  0.38. 

a t e s t s  were co-n-ducted i n  a Reynolds number range from 3.0 x 106 t o  7.5 x 10 6 

Mzximu?. blo-wing  Tor a half-span f h p  gave a lift coefficient of 1.43 
at zero  angle  of at-lack and a mximum l i f t  coefficient of 2.20 with a slat 
and fence  installed. The n?aximm l i f t  coefTicient  obtained  for blowing 
over a full-spm f l ap  - d t h  slat and fence installed was 2.25; however, 
t k e  full-span blowipg  produced pitching moments that w e r e  approximately 
double those  obtained  with  halr-span blowing. 

INTRODUCTION 

The reduced l i f t  caDabilittes  of  conver?tioml  high-lift  devices when 
a2plied t o  sweptback-wing a i r c r a f t  h&v%ng high wing loadings  co-n-stiixte 
a severe low-speed performance problem. Increased  eqhasis  i s  being  given 
t o  t i e  application of  boundary-layer control as a means for  increasing 
the maximu? l i f t   c epab i l i t i e s   o f   t hese   a i r c ra f t .  

L 

The blowing method of  boundmy-layer control has shown considerEble 
pronise &s a prac t ica l  met'nod of  increasing l i f t  since  the  jet-propulsion 

< ecgine  has = d e  available a convenient  source of the  required  high-pressure 
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air. The j e t  engine, as a source of  air, may be  used i n  two  ways.  High- 
pressure a i r   m y  be bled from some stage  of the engine compressor. Five 
t o  eight poun&s of air per secortd is considered  the maxkm that c m  be 
bled i n  t h i s  way fro=  present-day engirfis. In  the past few years, most 
of the research and developnent i n  both two- and thx-ee-dhensional  appli- 
cations nave made use of this high-pressure tDe  of  bleed system. The 
alternate  asproach, progosea in  reference 1, is bleeding a larger mass 
flow at lower pressures from the tai lgipe behina  the  turbine. 

A very preliminary &pp-oach t o  the  application of such a low- 
pressure  bleed system of  blowicg was reported i n  reference 2. The inves- 
tigation  reported  herein was ini t ia ted  to   def ine Pxr-tcer the  effects on 
the  aerodyndc  character is t ics  and load  distributlons of a thin,  highly 
sweptback wirg; of a low-pressme blowing  system End also  to  provide 
infomation on which to base a nore thorough  study of a complete airplane 
configuration. 

This izlvestigation was conducted in   t he  Langley full-scale  tunnel 
on a semispan @.lo sweptback w h g  having a taper   ra t io  of 0.64, an  aspect 
r&io cf 3.22, and PUCA 65~006 a i r fo i l   s ec t ions   pa ra l l e l   t o  the plw-e of 
symmetry. Force and pressure measurenen-ls were obtained with a s l a t  and 
fence  installed and. with blowing over a half-span flap  deflected TO0 and 
a full-span  flap  deflected 65O through a range of momenturn coefficients 
from 0.08 t o  0.38. A few t e s t s  were m a d e  with blowing over a half-span 
flap  deflected TO0 at a value of monentun coefficient of 0.37 with and 
without a slat and a fence  installed. The tests were m a d e  io  a Reynolds 
number range from 3.0 x lo6 t o  7.5 x 106 correspocding t o  a Mach nuxber 
range f r o r  0.05 t o  0.12, respectively. Because of %he limited  capacity 
of the  blower, the  high  Rep-olds  nutber  range  included  only  the lower 
values or' xonentum coefficient  investigated. 

The results  obtained  in t h i s  investigation m e  valid  for the momentum- 
coefficiect  range  investigated  lor  subsonic  jet  velocities; however, it 
is  not known whether the sarce resul ts  would have been  obtained for the 
txonentun-coefficient range investigated i f  supersonic je t   ve loc i t ies  1- 
been  used. 

A l l  coefficients axe conputed as thmgh a complete wing was used i n  
tne  investigation. 

CL lift coefficient, - L i f t  

%S 
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CD drag coef r'icient, - Drag 
4bS 

c, pitching-moment coefftcient  about quarter cho-rd of Eean aero- 

dynzmic chord, Pitching moment 
a@ 

CQ flow coefficient, - Q 
VOS 

Cn 

1 

P . 
b 

C 

C '  

- 
C 

Y 

C a v  

section normal-force coefficiect  noma1 t o  d e f l e c t e d  chord 
l ine  

pressure  coefricient, P - Po 
40 

wing span, f t  

local  wing chord  measured pa re l l e l  t o  plarle of symetry,  ft 

local  dng chord  measured n o m 1  to   l i ne  thn-ough 0.54c, f t  

mean aerodynmic chord, - sob/2 c2dy, f t  
S 

spmwise  distance measured perpendicukr t o  plane of s v e t r y ,  ft 

average  chord  of wing measured pere l le l  t o  plane of symmetry, 

. 
t, f t  
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local  trailing-eQe-flap  chord  neasured pvrallel t o  plane of 
symmetry, f t  

L 

loca l  slat chord  rreasxed  peqendicular to l i ne  through  0.54c, f t  

loca l  s h t  chord  xeasured pasal le l  t o  plane of spmetry, I"t 

chordwise distance, pmallel t o  :lane of symne-lry, fron leadine 
edge of wing section, f t  

chordvise  distance, parallel t o  Flme or' spmetry, frorr, leading 
edge of flap  section, f t  

chordwise distmce, parallel t o  p lme of symetry, from leading 
edge of slat, section, f t  

sganwise location of w h g  center of pressure, ft 

local static  pressure,  lb/sq f t  

free-stream static  pressure,  lb/sq ft 

r"ree-strea3 dynaccc pressure, lb/sq ft 

area of wire, sq 

Reynolds mmber, 

free-stream  velocity,  ft/sec 

velocity of air blown out  of  slot ahem3 of flay,   f t /sec 

mass density of free-stream air, slugs/cu f t  

mass density of air blcwn out of slot zhead of flap,  slugs/cu ft 

coefficient of viscosity of a*, slugs/ft-sec 

quantity of air blo-m out  or" slot, cu ft/sec 

angle of attack, deg 
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Sf f l ap  der"lectior_ ( r e l a t ive   t o  wing-chord plane) measured per- 

6s slzt Cieflection ( r e l a t ive   t o  wing-chord plane) measured per- 

pendicular  to  f lap hinge l ine,  deg 

pendicular t o  win; leading eclge, deg 

MODEL AND APPARM!US 

Model 

The geometric  characteristics and principal  dimensions of the 
senispan win!  are given i n  figure 1 and de ta i l s  of the slat, fence, and 
blowing s lot   are   given  in   f igure 2. Figwe 3 is a photograph of  the  wing 
mounted  on the   re f lec t ion   p lane   in   the  Langley  rfull-scale  tunnel. A 
description of the  ref lect ion  plane is gLven i n  reference 3. The wing 
has &9.l0 of sweepback at the  leading edge, a?? espect  ratio  of 3.22, a 
t ape r   r a t io  of 0.64, and no geometric t w i s t  or   dihedral .  The d r f o i l  
sect ions  paral le l  t o  the  plane of synrmetry aze NACA 6 5 ~ 0 6  sections and 
the win* t i p  i s  half of a body ol" revolution  based on the seme a i r fo i l -  
section  ordinstes . 

The high-l i f t  and stall-conixol  devices  used (see figs. 1 and 2) 
are : a 0 . 2 6 6 ~   ( 0 . 2 4 ~  streamwise) inboard  trailing-eiige  flap having a 
span of  0.54b/2  (0.16b/2 t o  0.70b/2, half-span f h p )  ; a 0 .266~  (0.24~ 
streaznwise) traili-%-edge  flap having a s p m  02 0. &b/2 (0.16b/2 t o  
1.00b/2, full-span  flap); a 0.15~'   (0 .175~  s t reanwise)  leadks-edge slat 
having a span  of 0.57'b/2, measwed i-n-bomd from the wing t i p ;  and a 
fence  having a height of 0 . 0 3 ~  and located a t  spanwise s ta t ions,  measured 
outboud from the  plate  of synmetry, of 0.30b/2 o r  O.&m/2. 

The nose m d  upper surface of the  sheet-metal slat ( f ig .  2) i s  not 
~ t l l  integral '  parrt of the wing but is Eounted onto  the unmodified l ead ing  
edge of the wing with the slat bracke ts   a l ined   nom1  to  t'ne l e a d i n g  
edge or" tne -dng. 

Jus t  ahead of  the  trailing-edge  flap is  E s lo t   ( f i g .  2) which opens 
into  the upper  portio-n- of the gzp  between the wfng and the  f lap.  The 
s l o t  is used fo r  blowing a high-energy stream of air over the upper sur-  
face of the  flap. With the blower off ,   the   s lo t  gap w&s approximztely 
constmt with an  average  value of  0.002k~av. With the  blower operatin! 
a t  i t s  naximum Tlow quantity &nd pressure rise, the slot gap expanded t o  
about 0 . 0 0 2 7 ~ ~ ~ .  The resul t ing average velocity of the air  issuirg from 
the   s lo t  ahead of the  half-spa-   f lap wes 517 f t / sec  and  from the   s lo t  
ahead  of the  full-span  flap w a s  4kO f-t/sec. - 

Chordwi-se Dressme or i f ices   para l le l  to the  plane of  spmetry were . 
located on the upper and lower eurTaces of the wing and f laps  a t  spanwise 
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stations of 18, 39, 60, '72, and 93 percent  of the semispan. Chordwise 
pressure  orifices  parallel  to the  plane of  synmetry were also  located on 
the  upper  srzrface of the slat at spanwise stations  of 60, 72, and 93 per- 
cent  of  the  sez-ispm. 

- 

Apparatus 

Blower and  ductir_g.- A modified  compessor  of a j e t  engine,  driven 
through a 2.6 t o  1 gearbox by two 200-horsepower e lec t r ic  motors i n  tandem, 
was used as the  pmp  for the ejected air. The conpressor  poduced a pres- 
sure of 1.15 atnospheres and 1.10 atnospheres at the   ex i t   s lo t   for   the  
t e s t s  with half-spa?.?. blowing and full-span blowing, respectively. 

The conqressed air was cmried from the blower to   the wing root by 
Eems  of a 12-inch-dimeter  duct. Two mercury seals were used between 
the  sectiolls  of  ducting i n  order t o  prevent  trammission of restraining 
forces from the blower to   the  wind-tunnel scale system and t o  provide a 
flexible  coupling so thzt  the  angle  of  attack of the w i n g  could  be changed 
easily. A t  the wing root the conpressed air enters a large  plenux chamber 
which conslsts  of  xost of the wing ir i terior aheed of  the  exit   slot .   This 
was required t o  reiiuce k c t  losses t o  a nir5mm i n  view of tne rather low 
pressure  r ise  avaihble from the test blower. 

Instm.entatior?.- A shielded  themocouple and rakes of  total-pressure 
and static-pressure  tubes were med  to  measure the  flow  quantity  during 
the tests. 

i 

U 

TESTS AND CCFGECTIONS 

Tests 

The flap on the semispan wing used i n  this investigation was not 
designed or iginal ly   for  use with a blowing  system of bouudary-layer 
control.  Sicce  the f l ap  nose position  varied with respect  to  the b l o w i n g  
j e t  as flaF  deflection was varied,  several  prelininary  tests were  con- 
ducted t o  insure that the ejected air could  be made t o  inpinge on the 
flap leading edge sufficient to achieve za.xFclum jet  turning  with  the  flow 
fully attached  to  the  flap  surface. The flow  attachment was obtained by 
adjustment of the b1owi-X s lo t   fo r  each flzp  angle  investigated. The f lap 
areles  chosec  for t h e  f i n a l   t e s t s  were 70° for   the half-span f lap  and 650 
fo r  t i e  full-span flap. It will be shown later, however, t h a t  the  adjust- 
ment of the  s lot   to   the  f lap  for  a high mss flow did  not prove optimum 
on these  flaps  zt  the  lowest mass flow  tested. The s l o t  geonetry  used is 
shown i n  r'igure 2. I r regular i t ies  on the  leading edge of the  flap,  such 
as cutouts  around  hinge  brackets, were f a i r ed   t o  minixize  flow  disturb- # 
antes behi-nd tkese  irregularit ies.  Woolen tufts attached t o  the upper 

-6 - 
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e 
surface of the  ?lap were found t o  be a grea t   a id   in   de temini rg  
attached flow was being  maintained. 

a 
An index of the  test  co-di-lions and configurations  tested 

whether 

is given 
i n  tEble 1. Wessure  coeTficients are presented io tables I1 and 111. 
Most of tlne data were obtained  %bough aa angle-of-attack  range  fro= 
agproxhately -50 to 23O. Force  measurenents were m&de t o  determine  the 
l i f t ,  &ag, pitching moment, and spanwise  center-of-pressure  vmiation 
of the  basic w5n.g and the wing with vmious cornbinations of the high- 
l i f t  and stall-control devi-ces without and with blowing a  high-energy 
stresm of a i r  over the flaps.  The  rm;e of rnozentm coefficie-n-t Cp 
was obtained by vmying ei ther  the blower mass flow or  the tunnel  velocity. 

Chordwise pressure  distributions were obtaineii on the wing and flaps 
a t  spas-xise stations oT 18, 39, 60, 72, and 93 percent of tile  semisgan 
and on the s1z-L a t  spanwise stations of 60, 72, and 93 percent of the 
semispan. 

Since, as previously mentioned, woolen tufts  at teched  to  the  usper 
surface of the  f lap were found t o  be  a  very good indicztor of whether 
the blowing air was adhering to   t he  upper surface of t'ne flzps,  the tufts 
were l e f t  on for  these f i m l  t e s t s .  

The t e s t s  were d e  i n  a Reynolds number range from 3.0 x lo6 t o  
7.5 x 10 6 corresponding t o  Mach numbers from 0.05 t o  0.12, respectively. 

A 

.. Corrections 

Tne data have  been corrected  for  airstreaa  nLsalinenent,  blocking 
effects ,  a d  jet-boundary effects.  

An index of t e s t  cor-ditions and configurations is presented  in 
table I. The resul ts  of the  force date are  presented in figures 4 to 7, 
and rlow observations  ere  preserrted in   f igure 8. A sunrrs_ry of the l i f t  
resul ts ,  as obtained from t'te  force data, is presented  in  figure 9. The 
variztion of Cp with CQ is sho-xn in   f i gu re  10. A typical  example of 
the effect  02 Cp on the  section chordwise pressure  distribution is pre- 
sented  in  f igure 11. Section chordwise pressure  distributions E t  f ive  
spm-ise   s ta t ions are presented in figures 12 t o  17 and tables I1 and 111. . Spnwbe  loadings  are  presented Ln f i g g e s  18 t o  25. 

. 
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c 

Drag 

The drag data presented  herein  represent  only  the aerodynamic drag 9 

including  the  thrust  effect of the blowing air. No atteEpt  has been rude 
t o  include  the  effect of the  drag  equivalent  of  the p m p  horsepower needed 
t o  blow the air out of the   s lo t  ahead of  the  flep and eileron. 

Pressure  Distributions 

The pressure'  orifices on the nose  of t he   f l ap   a t  0.60b/2  becane 
inoperative  in t!:-e early  stages of this  investigation. The dashed par t  
of the  f lzp leading-edge  pressures shown il? figures  12  to 17 at  0.60b/2 
i s  a~ estLwtion based on the  pressures  obtained on the  leading edge of 
the f lap  at the 0.18b/2 and 0.39b/2 stations. The pressure  distribution 
on the upper.surl"ace  of  the  rearnost  $art  of  the w i n g  a t  a l l  spmwise 
stations i s  also  indicated by dashes. Tnese pressure  orifices on the  
upper surface of the wirg at  0.7512 were found t o  be unreliable and the i r  
pressure  readings were discarded. 

Span Load Distributions 

Integration  of  the  values of Cn across  the  span a t  the  lowest 
%V 

angle of attack tested fo r  the data presented in  f igures 18 t o  25 gave 
valws of  CI, tha t  agreed  within 0.08 (k6 percent) with the  values 
of obtained  fron  the  force  data E t  the   sme mgle of attack. 

It w i l l  be noted that  the  values  of cn used  include  the normal- 
force component or" the f l ep  chord-force  coefficient. Usually the  deter- 
mination of  cn w i l l  be affected little i f  the  flep  chord-force  coef- 
f ic ien t  i s  neglected. When blowing is  applied t o  a highly  deflected 
f l q ,  however, the leadir-g-edge negakive  gressures may be suff ic ient ly  
large, as they  are Zor thls  investigation  (velues of P up t o  50 i n  
sone cases),   to produce a large chord force  that  contributes  appreciably 
t o  the wing normel force.  Before  the  nornal-force component of the  f lap 
chord  force was taken i n t o  account,  disagreement i n  some cases amounted 
t o  values of CL of about -0.18 (-11 percent). 

DISCU3SION OF RFSULTS 

Force  Results 

Lif t . -  The  wing with blowing over  the  half-span  flap at a value 
of Cp of 0.370  produced EL value  of C k o  of 1.43 md a vzlue of C h a x  
- 
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of 1.77 a t  an argle of attack of 6.60 ( f ig .  5) . The spanwise  loadings 
in   f i gu re  22  show that   the  outboard  percent s e d s p m  PELS stalled for  
angles of at tack  greater tham 6 . ~ ~ .  Tuft  observztions showed a leadi-n-g- 
edge vortex which became progressively b g e r  as it sweyt outboard and 
caused s ta l l  on tlre outbomd  sections. 

V 

. 

A slat, deflected 40°, was ins te l led  in EII a t tenpt   to   e l imimte   the  
stall  011 these  outboard  sections.  Visual  observation of tufts attached 
t o  the upper surface of the wing showed that the slet turned the leading- 
edge vortex re-d and ceused  rough  flow t o  form inbomd of t'ne slat 
a t  an  angle of attack of 6.7" (fig. 8). A t  the same tine tine lift -as 
decreased a t  the  lower angles of a t tack (fig. 5 ) .  With increasing an@e 
of s t tack  t h i s  rough flow spread outboard, a vortex began t o  form along 
roe slat a t  an angle of attack of about go, and rough flow  developed at 
the wing t i9  a t  an  angle of attack of  about 14O. The outboard 25 percent 
semispan stalled about when the two regions of  rough  flow merged, a t  an 
angle of a t tack  of about 1 8 . 5 O .  

In  coddnation  with  the slat deflected 400, E fence was  t es ted  a t  
0 .pb/2  and a t  0.43 /2  in an  effor-l t o  improve f m t h e r  the flow on the 
wing by preventing  the  leading-edge  vortex from spreadcng  outboard. 
Tnough either  fence  delayed i ts  outboard  progression,  rough  flow formed 
beceuse 02 Tormation  of a  vortex  inboard of tine fence and a vortex between 
the slat and fence, &.nd the l i f t  c-mve begins t o  break a t  an angle of 
attzck or" 6 .p. The 0.30b/2 fence  increased the value  of CL more fo r  
low t o  moderate angles of attack, though for   e i ther   fence a value  of 
of about 2.10 w a s  obtained at an angle of attack of 18.30. 

%ax 

T u f t  obsermtions  of the rough  flow on and behind the kOo slat f o r  
angles of at tack  greater tlmn loo indicated  that   the slat sllgle  possibly 
should be increased. Tce slat angle was  increased t o  4 4 O  anti smooth flow 
was maintained on the outboard  sections t o  an  vlgle of  &tack or" about 18.50 
( f ig .  8(b) ) resulting in rn increase  in  & to a value  of 2. x). Rough 
flow was again  present i-nboard of the slat, and the break in  the l i f t  curve 
occurred  ayproxinately zt the sane angle of a t tack of  6.70. The spanwise 
loadings of  figure 21 show that the  loading just inboard  of the slat 
(0.39b/2) does not  increase  but remains  constar-t Tor angles of a t tack  
greater thm- 10.5'. This indicates tihat the  increase i n  C h  wes due 
to   t he   e f f ec t s  caused by the s l igh t   increase   in  slat angle and perhaps 
further  gains  could have been real ized i f  the optimum slat angle could 
have been d e t e d n e d ;  however, no further slat developmect wes attempted, 
and the reminder of the s l a b i n s t a l l e d  tests were made with fhe slat 
angle a t  Go. 

The f low on t'ne wir?g as indicated by surface tufts seemed t o  be about 
t'le  sane with blowing over a hsle-span o r  a full-span  flap  although a 
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value of C of 2.25 was obtained  for  the  full-span  flass  at an angle 
of  attack of  12.20 fo r  p. value of Cp of 0.382. The loading was reduced 
a l i t t l e  on the  i2board  sections  but was increased  considerably on the 
outboard  sections, as co;l?pared t3 blowing over  the  half-span  fla? at a 
given  angle of attack  (conpere  figs. 21 aEd 25. ) The resu l t  was a more 
uniform  span  loed distribution and greater l i f t .  One must keep i n  mind 
here  that,  for e given wir4 momentum coefficient,  the  section monzentm 
coefficients  are  decreesed  considersbly when full-span blowing is used 
instead of half-span blowing, and the  forwerd sh i f t   in   the   cen ter  of 
pressure  (fig. 7) i s  probably  caused by the  decreased  trailing-edge 
loading  resulting from the lowered section momentux coefficients. The 
break in   the  l i f t  curve ( f i g .  7) i s  believed t o  be due t o   t h e   i n i t i a l  
develo2men-L of vortices  inboard of the slat md the  reduced  section 
xoxentm  coefficients  over  the  flag. 

Tuft  observations showed that the  flow on the w i n g  becane  progres- 
sively rougher, a t  a given  angle  of  attack,  with  increased blowing  over 
e i ther   f lap.  Also the   b reak   in   the   l i f t  curve  occurred a t  a lower  angle 
of attack  with  increasing Ccr ( f igs .  6 and 7). 

These reductions  in  the  angle of attack where the l i f t  curve  breaks 
seem t o  be clearly  associated  with  develosnent of  rough  flow  inboard of 
the slat. The break in   the  l i f t  curve  grobsbly would be delayed, i f  not 
eliminated, and C h  probably would  be increesed by cambering the 
leading edge of the  inboard  sections or by instal la t ion of e full-span 
slat. 

Reynolds nuaber had l i t t l e  effect  on the value  of Q, for  the  basic 
wing ( f i g  . 4) . With blowing over e i ther   f lap  ( f igs .  6 and 7), however, 
there was an increase i n  x, about 0.1 at due to increasing 

Reynolds nmber . % a x y  

It i s  of i n t e re s t   t o  note  that  the  lift-curve  slopes  at  zero  angle 
of attack  increased  with  imreased blowing. The slope of the l i f t  curves, 
a t  zero  angle of ettack, i s  aboxt 0.060 for blowing over the half-span 
and I"vrll-sFan flaps at values of C, of 0.370 and 0.382, respectively. 

The v a r i a t b n  of cLa=O md C h  hqth Cp for half- and full- 

span b low3g  i s  preeenteO in  f igure 9. The c-xves of C L ~ ~  ageinst CP 
are  considerably  different i n  zgqearance fron tke  c z v e s  shown in   re f -  
erence 4 for  two-diaezsional t e s t s  and also from recent  unpublished  three- 
dbensionsl  tests. The l&-Lter curves show e rapid  r ise  of C L , ~  with ccL I 

for  very smell values of CP a f t e r  which, with  the  flow cow unseprated 
.I 

I 
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over the flap, the increase i n  CL w i t h  increasing C, is very g r d u a l  
* and essent ia l ly   l inear .  Lu the present tes t s   the   increase   in  C L O  

with  increasirg Cp is more o r  l e s s  continuous  over the en t i r e  Cp range 
investigated, although it Coes increzse more rapidly in  the  lower 
Cp ra.nge t h m  i n  the higher CP range. The failure t o  achieve a s h q  
r i s e   i n  a f o r  the low Cp range is  at t r ibuted t o  separated f low over 
portions of t'le flap  ( indicated by surface tuiis) caused  by nonunifod-ly 
of  the  slot   design and t o  interferences  in  the b l o d n g  duct ne= the   s lo t .  
T'zlese regions  of  separated flow, which were not  greserb  for the higher 
Cp r-e, caused the beneficial   effects  of blowing t o  develop  gradually 
w i t h  increasing Cp. 

As previously mentioned, t ? e  curve of C ~ " o  plotted  against  Cp 

should be esser t ia l ly   l ine=  for   values  of Cp i n  excess of tine value 
required  to maiataic unseparated  flow  over  tne  flag. Because the flow 
over the   f lep  wzs unseparated  for the higher Cp range  investigated, 
a short-dash  line ;?as been draw- through the higher CP values and 
extended to lower values  of Cp t o  indicate the values of C h o  that 

should be expected i n  this l o w  CP range when unsegarzted flow is main- 
teined  over the f lap.  

8 

Although the slopes ere  approxircately the same i n  "ne higher 

across t'ne span more effect ively and groduced a grezter  value of Go 
than blowing over a k l f - span  f lep.  

1 Cp range tested,  blowing over a full-span flq increased the lozding 

The values of CL,, obtained w i t h  blowing over  both the ha=-span 
and Tull-span flags we about the same for a given Cp. Full-spun blowing 
would probably have produced m increase i n  CT+= i f  the overal l   sect ion 
momentm coefficients had been as large  as  those  associated  with half- 
s p a  blowire;; however, the added trim requirements for  increased  full-spen 
blowing might have negzted the increase i n  &. 

Celc-LLations similar t o  those  of  reference 2 were made to   ind ice te  
the mount or' blowillg a i r  required for these high values  of Cp. In order 
t o  obtain a value af cp of 0.168 fo r  a n  airplane having a wing azez 
e q a l  to   the   s resent  w i n g ,  a wing 10dh.g of 50 pounds per  square  foot, 

about 40 pounds 02 air per seconci from the  tai lpipe.  Though this may 
zpgem t o  be an excessive air requireaeEt, a conplete  study of the ducting 

% and a lending  speed of about 100 'knots, it would be necessary t o  bleed 

. 
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P 
requiremefits,  engine instal la t ions,  and other  associated  factors would 
be reqJired t o  deternine whet'ner u t i l i za t ion  of such large  flows is  
inFractical. As elream indicated,  large  increnents  in l i f t  can be attained 
with  considerably lower values  of CP t h m  those  investigated  here, when 
special  care is  taken i n  detail design. 

- 
I 

Pitching  nomnt.- A s  far as trix is  comerned,  the  value  of Cn of 
about -0.38 obtained with blowi-X over t h e   h l f - s p a  flap at CP = 0.370 
car, probably be trimmed by a t a i l  of reasonable  area and t a i l  length. 
The value of C, of about -0.78 obtained  with blowing over the  fill- 
span f l ap  at C,, = 0.382, however, poses a most severe problem and coul6 
not be trimmd by a t a i l  of ressonzble  area and taLl length unless the 
ta i l   e f fec t iveness  was doubled by soEe Eeans szch as boundary-layer con- 
t r o l  on the tail.  These observations seem t o  indicate that blowillg over 
a half-span f l ap  at high v a l u s  of Cp probably would 'be more compatible 
with the t rh  requirements t i n  blowing over the full span. 

As far  as s t a b i l i t y  a t  the stall  is concerned, past  exserience has 
shown tha t  the pitch-Lzp  Dear beax and the  severe  unstable  break at 

shown i n   f i g u r e s  6 and 7 can be  alleviated  considerably i f  not  eliminated 
by a properly  located t a i l  and sultable  variations  in  the  design of stall- 
control  devices.  Maintaining  stability at maxhm l i f t  f o r  full-span 
blowing, however, will be considerably more difficult than  for half-span 
blowing. 

Spanwise center of pressure.-  Tie spanwise center of pressure gen- 
e ra l ly   sh i f ted  outboard  with  increasing CL with  or  without blowing over 
the  half-span flap at a  given  value of CP ( f ig .  6 ) .  For a given E, 
however, the spanwise center of pressure  shifted  inboard with increasing Cp. 
A small opposite  trend is show- fo r  blowing over  the  full-span  flap  (fig. 7). 

Pressure Results 

Chordwise pressure  distributions.-  Pressure  distributions were 
obtained i n  conjunct-ion with  the force data of figures 6 and 7 and ere 
presented in   t ab l e s  I1 and 111 and figures 12 t o  17. 

The m r i a t i o o  of chordwise pressure  distribution  with  increasing Cct 
i s  show1 ir? f igme  ll for the  0.60b/2 s ta t ion et an a x l e  of  attack of 
approximately 11'. The high  local  velocities at the flap leading edge 
produced very  high peak negative  pressures of  generally about -300,~ for  
a value of CP of 0.370 (see  tables I1 and 111). The positive  pressure 
gradierst  over the rearmost  paxt of the f l ap  shows that the  airsi;rean was 
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effectively  turned  to flow  over the upper surface of the f l a p  5?s compared 
with separation on the  surface of  the flap wikh no blowing applied. An 
increase in   c i rcu la t ion  around the wing with blowing  over the  f lap is  
shown by the increase i n  loadi-w over the slat and wilrg. A t  t h i s  angle 
of &,tack, the slat has  maintained good leadirg-edge flow control. It 
is  interes-tb-g t o  note  the  favorable  gressure gradien-i;  produced on the 
r e m o s t  p a r t  of the wing by blowing  over the f l ap  at e value of Cp 
of 0.370. Although the  value of the  pressure  coeff-Lcient a t   t he  75-percent 
chordwise location was not koown, the  trend of a favorable  pressure gra- 
dient was definitely  established  by the pressure  coefficients  obtafned 
a t  chordd-se locations ahead  of this  point.  The variation of pressure 
coefficient with increasing Cp is representative of the vaziat ion  a t  
a l l  spa-dse  stations,   except t o  a lesser  degree f o r  the  presswe distri- 
butions over the  undeflected  trailing-e&ge  flap at the two outboard 
stations  (figs.  12 t o  14 ard table 11) for  which no blowing was applied. 

+ 

The cornperison presented  in  figure l l  is a l s o  represen-latLve of the 
effect  or" Cp on the  vaziation i n  pressure  distribution st all spanwtse 
stations with blowing  over the full-span Clap (f igs .  1.5 t o  17 mci 
table  IIi) . 

Spm-wLse lo.& distributions.-  For both  the half-spm illap (f igs .  18 
t o  21) and the full-$pan f lap  ( f igs .  23 ' to 25) with a slat and fence 
installea,  fncreesfng Cp at a given  msle of attack  increased  the 
loading  across  the  Lentire  span. Without stall-control  devices  installed,  
blowing over the  half-span  flap  could  not  increase  the l i f t  over  the  out- 

z 

\ board portioo of the wing beyond the f low breakdown range (a FJ 70). 

Slowing over the  full-span  flap  through the angle-oz"attack  range 
(f igs .  23 t o  25) produced a much  more uniform  loading, as corr;pared with 
blowing  over the he--span f lap  ( f igs .  19 t o  21). As previously  nentioned, 
the lowered section monentum coefficients  associated with full-span blowing 
produced  a somewhat lower loadi~; a t  stations inboard  of  0.60b/2  for a 
given  angle of attack (compme f igs .  21 t o  25). The loading over the 
outboard  stations, however, was increased  considerably. 

The development of rough flow near  the  inboard end of the slat was 
observed a t  a mgle  of attack  of  about 70 f o r  blowing  over e i ther   f lap.  
The effect  of this flow  deterioration on the loadi-ng was t o  produce  a 
reduction  in  the loading at 0.39b/2 for  angles of attack  greater than 
e'oout 10.50. 
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AE investigation has  been ccmhcted  in  the Langley full-scale  tunnel 
t o  Cletermix tke  effects on the aerodyrmqic characterist ics md on the 
chordvise and spanwise load distribxtions of blowfng air over two trailing- 
edge flags oi E 49.1~ sweptSack wing kaving NACA 6 5 ~ 0 0 6  airfoi l   sect ions.  
R low-pressure, high-mass-flow system was ?sed   t o  blow the  air  over a 
half-span f l ap  cleflected 7G0 and e full-span  flap  deflected 650 for  a 
rmge of momer;-turr? coefficient Cp cf 0.08 t o  0.38. The more pertinent 
resul ts  &re swmaized as follows: 

1. Without md wlth a slat and fence  installed, a value of l i f t  coef- 
f i c i e n t   a t  zero angle cf a-ktack of  1 .43  End Val-des of maxiau! l i f t  coef- 
f icient of 1.77 aqd 2.20, respectively, were obtained  with  blo-dp?  over 
the  half-span  flap at a momentum coeff "rcieni; Cp of 0.3'7. 

2. With a s l a t  and fence  installed,  values of l i f t  coefficient zt zero 
wgle of erttack and mximm l i f t  coefficient of 1.78 and 2.25, respectively, 
were obtatced  with blowing over & f'dll-speq Tlap at a xornentun coefficient 
of C.38. 

3. The wing w a s  mstable  at naxi~w- l i f t  for all configurations 
tested. The negative  pitching norfiefits f o r  the hslf-spm blowing tes t6  
vere cpite  large, and for  the  fuli-span blowing tests  the  negetive  pitching r( 

moments  were so Large, approximately  double  those  obzained with half-span 
blowi-ng, that they  grobably  coAd  not be trimmed with a normal t a i l  
tnstallatilon. I 

b .  The l i f t -cave   s lope  fo r  an angle of attack of 00 wzs progressively 
increased wit'? increasing T:omen"l1un coefficient, t o  a rraximux value of 
a'ooxt 0.06 which was ob5aineb at the  highest  vzhe of xiomentun coefficient 
tested for ei ther  flag configuration. 

5. The Io&dLng increased with increased blowing over n,L<iler f lap  
tested. With blowing over the ha=-span flap,   installation ol" a slat 
fur ther   ixreased tne loadirg  over  the outkoard sectlons. For a given 
t o t a i  norrenturn coefficient, the loading over the  inboard  sections was 
s l ight ly  redrzced for blowing over  the  Fill-sgan  flap as comgared with a 
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w 
given m0w-t or" blowing over the ha--spen f l ap  at e constant ='!!le Of 
attack. The loadiw over the outboard  sections, however, m S  increased 

-+ considerebly. 

Langley Aero~muticel  Laboratory, 
National Advisory ComLttee  for  Aeronmtics, 

Lmgley  Field, Va., Mky 16, 1955. 
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(f) S l a t  off; fence off; Q = 0.020; Cp = 0.370; 
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(f) slat off; fence off; CQ = o .OX); = 0.370; 

R = 3.0 x lo6 - Continued 
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(f) Sbt off; fence off; Q = 0.020; Cp = 0.370; 
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Figure 1.- Plan form of the semispan 49.1' sweptback wing. A11 
dimensions are given in inches unless otherwise noted. 
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(a)  Slat mil blowing s l o t .  

(b) Fence and blowing slot.  

Figure 2.- Detail of fence, slat ,  and blowing slot. 
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L-85063 
Figure 3 .- Photograph of the semispan wing mounted in the Langley full- 

scale tunnel. 
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Figure 4.- EPec t  of ReyrroLds number on the  aerodynanic  charracteristics 
of the basic w i n g .  
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Figire 5.- Effect on the aerodynamic chrac te r i s t ics  of the wing of 
varyixg CQ =ti R. 0.54b/2 flap; 6f = TO0; O.j7'0/2 slzt; 
8s = 44"; 0.3&/2 fence. 
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Figure 7.- Effect on the eerodynemic cherecteristics of  the w i n g  of 
vsrying CQ end R. O.&b/2 flap; Sf = 65'; 0.57b/2 sl&; 
E, = 44'; 0.30b/2 fence. 
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a23' CL = f 6.2 

( a )  0.57b/2 slat; 6, = 40'; (b) 0.57b/2 slat; = 44'; 
fence off. 0.30b/2 fence. 

F igwe 8.- Flow observations. 0.54b/2 flap; 6f = 70'; CQ = 0.020; 
CcI = 0.370; R = 3.0 X 106. 
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Figure 9.- S m a x y  of and C through the Cp rmge. 
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Figure 10.- Variation of Cp with CQ. 
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Figure 11.- ETfect 012 tkie nressure distribution at the o.6ob/2 stat ion 
of varying Ccr. 0.54b/2 Tlap; Ef = TO0; O . 5 p / Z '  slet; 6s = &bo; 
0.30b/2 Fence; a = 1lo. 
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Figure l2.- ChordwFse Fresstlre distribution. 0.5413/2 flap; 6f = 70'; 
0 . 5 p / Z  slat; 6s = 44O; 0.30b/2 fence; CQ = 0.009; Cp = 0.083; 
R = 6.3 X LO6. 
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Figure 13.- Chordwise pressyre distribution. 0.54b/2 f l ~ p ;  6f = TO0; 
O.~TD/Z? slat; as = No; 0.30 b/2 fence; CQ = 0.013; Cp = 0.168; 
R = 3.0 X IO6. 
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Figure 14 .- Chordwise pressure distribution. 0.54b/2 flap; &f = TO0; 
O.5p/2 sht; ES = 44O; 0.30b/2 fence; CQ = 0.020; Cp = 0.370; 
R = 3.0 X lo6. 
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Figure 15.- Chordwise pressure distribution. O.&b/2 flep; 6f- = 65O; 
0.57b/2 slzt; 6, = a0; 0.3013/2 fence; C& = 0.014; cP = 0.124; 
R = 5.2 X lo6. 
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Figure 16.- Chordwise g e s s u r e  distribut2on. O.&b/2 flap; Sf = 65'; 
0.3'b/2 slat; Ss = 44O; 0.30b/2 fence; CQ = 0.019; Cp = 0.247; 
R = 3.6 X 106. 
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Figure 17.- Chordvise pressure distribution. O.&b/2 f k p ;  6f = 6 5 O ;  
O.57~/2 s h t ;  ES = 44O; 0.3*/2 fence; CQ = 0.024; Cp = 0.382; 
R = 3.0 X LO6. 
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Figure 21.- Span loading. O.5kb/2 f h p ;  6~ = 70'; 0.57b/2 Slat; 
6, = k4'; 0.30b/2 fence; CQ = 0.02k; Cp = 0.370; R = 3.0 X lo6. 
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FigJre 22.- Span l o d i n g .  O.5bb/2 fla?; 6f = TO0; slat  off; fence off; 
C& = 0.02&; Cp = 0.370; R = 3.0 X lo6. - 
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Figure 23.- Span lozding. O.&b/2 flap; 6f = 65O; O . ~ T D / ~  slat; 
6, = 44O; 0.30b/2 fence; CQ = 0.Olk; Cp = O.I-24; R = 5.2 X 106. 
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Figure 2b.- S p a  l o d i n g .  O.&b/2 flap; 6f = 65'; O.57b/2 slat; 
6, = &bo; 0.3Ob/2 fence; CQ = 0.019; Cp = 0.247; R = 3.6 X lo6. 
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Figure 25.- Span loading. 0.84b/2 flap; Sf = 6 5 O ;  O.5p12 slat; 
8 ,  = 44'; 0.30b/2 fence; CQ = 0.024.; Ccr = 0.382; R = 3.0 X lo6. 
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